be an Important faclor in predicting strength in this populatLOn, occupational therapists A s have become progressively more responsible for providing rehabilitative care in the treatment of hand problems, objective evaluation of hand strength, as well as other functions, has become increasingly important. The value of accurate and objective assessment is emphasized in the literature, Assessment is viewed as an imponant precursor to therapy, helping to establish baselines upon which to develop and prioritize treatment procedures and as a determinant of the efficacy of the treatment program itself It also serves as a potent source of patient motivation and provides a method for precise communication between professionals, and among theraBonnie L. Olivett pist, patient, and family members (1) (2) (3) (4) (5) (6) , In some instances, adequate assessment of a dysfunctional hand can be accomplished by comparing it with the normal one; in other instances, comparison with objective measures is essential.
The treatment of adults 20 years and older who have hand weakness problems has been facilitated by the availability of objective data concerning normal hand strength (2, 4, 12) , Normative data concerning the strength of the child's hand are, unfortunately, less readily available and less well documented,
Review of the Literature
The most frequently quoted research of normative hand function is the study of 250 adults, aged 20 to 84 years, conducted by Kellor, Frost, Silberberg, Iversen, and Cummings (4) that resulted in the formulation of hand strength and dexterity norms for the adult population, Instrumentation included I, evaluation of grasp strength using the Jamar dynamometer; 2, Connie L. Johnson pinch gauge measurements of palmar three-jaw chuck, lateral, and thumb, index, and middle finger-tip pinch; and 3, two peg board tests to evaluate dexterity, This study also reponed that men were stronger than women throughout life; and a method for predicting the percentage of retention of dexterity and hand strength in older adults was proposed, More recently, Swanson, GbranHagen, and Degroot (2) evaluated the grasp and pinch strength of 100 adults, aged 20 to 60 years, using a hydraulic dynamometer and an electronic pinch meter. Results were tabulated by sex (male/ female), by occu pation (skilled, sedentary, or manual), and by hand dominance, Results indicated that I, grasp strength of males was almost t\vice that of females-regardless of age, occupation, or hand dominance; 2, palmar threejaw chuck pinch was consistently stronger than lateral pinch; and 3, the dominant hand was only slightly stronger than the nondominant hand, The norms produceJ by this research differ considerably from those reponed by Kellor, Frost, et aL (4) , Although some of the differences are probably attributable to the instruments used and the population tested, the danger of adopting normative data uncritically is clearly highlighted in thiS insLance, Weiss and Flatt's and Burmeister and Flatt's (7-9) work has been particularly noteworthy in providing data concerning the child's hand, A pilot study conducted in 1969 (7) reported a significant correlation between the length of each digit and the palmar pinch strength of that digit. The hands of 198 child ren, aged 5 to 13 years, were measured using the criteria of flexion crease, palmar width and depth, and digit length. A standard pinch gauge was used to assess the pinch strengths of index, long, ring, and little finger pads against the thumb, and lateral pinch of thumb against the radial side of the index finger at the proximal interphalangeal joint.
Their follow-up survey of 1741 children, kindergarten through sixth grade (school grade was used as an ag'e-equivalent variable), employed the same methodology for measuring hand size and assessing hand strength, and resulted in publication of strength norms for lateral pinch, and single digit palmar pinch (8) . They reported that, although there was no significant difference between rightand left-handed children in any N measu res of right-hand strength, the left hands of left-handed children were consistently stronger than the left hands of righthanded children. Hand size was significantly affected by grade (age), but was not related to hand dominance. The survey data of hand size anJ strength (8) were subsequently analyzed to develop mathematical formulae that would predict lateral and single digit palmar pinch strength, given the variables of hand size measurements, in addition to height, weight, gender, handedness, and grade in school (9) . The single most important independent variable was the width of the palm; lateral pinch could most accurately be predicted.
Taylor, Sand, and Jebsen (10) assess hand function in adults.
The test consists of a series of seven subtests thought to be representative of hand activities. Broadhead's study (11) of grip strength in 415 mildly handicapped children found that scores improved with chronological age.
This current study was conducted to amplify the normative hand strength data for children aged 5 to 12 previously reported in the literature. Since occu pational therapists consistently identify variables of grasp, palmar three-jaw chuck, and finger-tip pinch as indicators of hand function (1-6, 10-12), and since these variables most accurately reflect actual hand usage, it was felt that norms for these measures should be formulated and made available. Therapists who treat children with congenital and traumatic hand problems would then have a valid basis for determining "normal" and "dysfunctional" strength and, consequently, for establishing sound treatment goals. Access to normative data may also assist therapists in documentation of treatment to the patient, the family, and the third-party payer.
Methods
Sample. The population for this study was 474 school children who ranged in age from 5 to 12 years. Classroom teachers in ten preschool, kindergarten, and grade schools considered to be representative of the geographical, socioeconomic, and racial distribution of Denver were asked to identify those children In their classes whom they considered to be normal for their age in terms of size, behavior, and learning ability. Table 1 describes the distribution of age, sex, and hand dominance of these children, the subjects for The Arnerican Joumal o/Occupatzonal Therapy 109 Hand Dominance To put subjects at ease, a "get acquainted" period preceded the testing, during which demographic information was gathered and a general orientation to procedures was given.
Grasp strength was evaluated first. The handle of the Jamar d ynamometer was adjusted to fit the hand, allowing flexion at the metacarpophalangeal joints; subjects were instructed to rest the forearm on the table and to exert one maximal effort with the right hand and then with the left. Each score was recorded in pounds of force. Several other methods of grasp strength measurement are described in the literature. (12) adjust the handle of the dynamometer according to the size of the hand, instruct the su bject to squeeze with maximal force two times, and record the higher score.
Pinch strength was then assessed using a Preston pinch gauge; one maximal force was exerted for each measurement (3, 4, 7, 8, 12) . To evaluate lateral pinch, the subject was instructed to squeeze the pinch meter between the pad of the thumb and the lateral surface of the index finger (3, 4, 7, 8, 12) . Palmar three~jaw chuck pinch was assessed by pressing the gauge between the pads of the thumb, index, and middle fingers (3, 4, 12) . Finger-tip pinch strength was evaluated by pressing the pinch gauge between the tips of the pads of the thumb and the index finger. Each test result was recorded in pounds of force.
Analysis oj Data. All scores of grasp and pinch were recorded and analyzed. The Biomedical Computer Programs Statistical Package (BMDP9D-Multiway Description of Groups) (13) was used to determine the means and standard deviations of the vari- abIes described above in categories of age, sex, and hand dominance.
Results and Discussion
Tables 2 and 3 denote mean strength scores for both right-and left-handed subjects, aged 5 to 12 years, on measures of right and left grasp, as well as lateral, palmar , three-jaw chuck, and finger-tip pinches. The number of subjects identified as having right (R)-and left (L)-hand dominance in each age grou p is indicated so that clinicians can make informed judgments concerning their use of the data (e.g., scores obtained for 10-year-old left-handed males should not be generalized since there was but one such subject). The standard deviation for each measure is listed below the mean to indicate the variability of strength scores for that particular group of subjects. In essence, the
The Amencan Jouma! oj Occupational Thempy 111 data outlined in Tables 2 and 3 Since the data collected in this study indicated that handedness was not a critical factor in any of the measurements, the mean strength data for both right and left hands (Tables 2 and 3) were combined and averaged; these data are depicted in graph form in Figures 1 through 4 . As might be expected, all four figures demonstrate an increase in strength that coincides with the increase in age from 5 to 12 years; males are consistently stronger than females in this age range as they were in the Burmeister survey (8) and the adult studies (2, 4) , although the differences in strength are not striking. Figure 1 , mean grasp strength Figure 2 , mean lateral pinch greater at age 11; by age 12, the strength scores, shows that males difference is less than 5 Ibs. Fe-are slightly stronger (l to 2 Ibs.) males shovl' their greatest increase across the age range. It is inter-help therapists in documenting their treatment to the patient, the v\Then this is compared with the results of the 12-year-old female sample evaluated in this study (12.8 lbs.) , it would seem that there is little increase in lateral pinch strength between 12 and 20 years in females; males, on the other hand, increase a bou t 10 Ibs. in strength during those 8 years. Figure 3 , mean palmar threejaw chuck pinch strength scores, reflects the trends previously described with an interesting and unexplainable increase in female pinch strength at 10 years of age. Also of pertinence is the finding that, from the age of 6 to 12 years, palmar three-jaw chuck pinch for both males and females is stronger than lateral pinch by 1 to 3-1/2 lbs. This concurs with Swanson, Gbran-Hagert, et a1. (2) , who published similar data for the 20-to 60-year-old population. Figure 4 , mean finger-tip pinch strength scores, again pictures a slow, steady increase in strength with age, males being slightly stronger than females. As the clinician might anticipate, this type of pinch is weaker than other types of pinch by 4 to 8 Ibs Summary A sample of 474 children age 5 to 12 years was the population for establishing normative data concerning grasp and pinch strength in children. Instruments used were the Jamar dynamometer and the Preston pinch gauge. Results of the study indicate that there is a steady increase in both grasp and pinch strength that coincides with the increase in chronological age and development; males are consistently stronger than females across the age range in all measures recorded, although the differences are not striking. These data should provide therapists who treat children with hand problems with a valid basis for determining "normal" and "dysfunctional," and for establishing sound treatment goals. Data should also
